Abstract-People with disabilities such as those affected by IMC disease or Parkinson's disease have difficulties in operating standard joystick due to their different levels of tremors or difficulties encountered when moving their arms. The objective of this work is to design a new neural joystick suitable for each patient allowing overcoming these difficulties or incomplete or erroneous actions, in order to reach maximum security. The design of the neural network joystick system is based on training a neural network to model the inverse of the standard joystick. The trained resulting neural network is then connected to output of the joystick. The overall system is then used to control all the DC motors and devices of the wheelchair. Simulations and experimental real data recorded on disabled persons are then used to highlight the effectiveness of the designed system. Index Terms--Neural networks, power wheelchair, neural controller, wheelchair driving performance, computer-user interface.
INTRODUCTION
Approximately 2.2 million people in the United States currently use a wheelchair for everyday activities, including powered mobility [1] .
A statistical study conducted in 200 clinics in the USA [2] , showed that: -9 to 10% of those receiving training for the use of power wheelchairs are unable to use them for security reasons.
-When asked more specifically about the tasks to maneuver, 40% of patients report difficulties.
On the other hand, clinicians believe that between 61% and 91% of all wheelchair users would benefit from a smart wheelchair [3] .
In fact, many technological innovations have been made to perform control wheelchairs (there was a 17 percent increase in the number of total articles published in the last 5 years versus the previous 5 years [4] ). Among these innovations, those provided for persons with impaired control of the wheelchair ( [5] - [9] ). In [10] , the authors present a solution for people with severe disabilities such as IMC children who are often intellectually limited functionally to learn how to use a joystick to driving a power wheelchair. In [11] , the authors present a joystick car drive system for a handicapped person. A novel hardware and software approaches that are revolutionizing joystick interface technology and allowing more customizability for individual users with special needs and abilities were discussed in [12] . In [13] , a clinical evaluation of semiautonomous smart wheelchair architecture (Drive-Safe System) with visually impaired individuals has been made.
Our work is part of a research project being developed in our laboratory, which consists of developing analytical tools and test driving of a power wheelchair that allow:
-Defining the specific power wheelchair of each user (optimal number of sensors, location of the dead band around the central position of the joystick, removing the effects of hand tremor in the use of the joystick, correction in the inaccessible control area of joystick ...).
-To test the driving skills of a potential user of power wheelchair.
-To experiment with new features and safety while avoiding the severe physical constraints inherent in the design of seating prototypes "smart".
-To achieve a safe learning in the conduct of power wheelchair.
In this paper, we focus on the creation of the optimal joystick for each user of the power wheelchair.
II.
DATA COLLECTION A data collection interface has been created under LABVIEW (Fig. 1) . In this interface the joystick movements are simulated by the movement of a point in a grid. The patient is asked to maneuver the joystick in different directions following a well-defined trajectory. These movements will be saved in a database and compared later to the reference trajectory. This step can inform us about the difficulties that the patient had encountered in driving the power wheelchair (Restriction of the use of joystick). 
III.
NEURONAL JOYSTICK Fig.2 shows a schematic configuration of the principle of the neural network joystick working system. 
A. Architecture of the neural network
The neural network will receive the input signal from the joystick and creates the suitable input to the motors of the power wheelchair. This signal is composed of two terms: -x: referred to the acceleration or deceleration.
-y: referred to the rotation movement. Two neural networks with different architectures are used in order to adjust the movements of the disabled person submitted to the joystick along (x) and (y), at the time of the command, the difficulties seen by the handicap can be on one of the axes more than the second. The number of hidden layers and the number of their neurons may be different depending on the type of the disability.
For instance, in our simulation, the two neural networks have two different architectures (Fig.3) . The first one is organized as follow:
-An input layer with two neurons corresponding to the coordinates (x,y) receiving signals from the joystick. -One hidden layers with 4 neurons. -An output layer with a single neuron corresponding to the appropriate coordinates x to be applied to the wheelchair motors. The second neural network has the following architecture:
-An input layer with two neurons corresponding to the coordinates (x,y) receiving signals from the joystick. -Two hidden layers with 5 neurons.
-An output layer with a single neuron corresponding to the appropriate coordinates y to be applied to the wheelchair motors. The activation functions of the neurons are chosen to be hyperbolic tangent. 
B. Training phase
We have developed an interface on LABVIEW to train the neural network with Backpropagation algorithm (Fig.4) .
Among the advantages of using the backpropagation algorithm we mention:
-The Tolerant to the defaults -The updating of the weights value -The efficiency Generalization The backpropagation training algorithm uses the gradient search technique to minimize a performance index equal to the mean square difference between the desired and actual net outputs. The network is trained initially selecting small random weights. The weights are adjusted so as to make the network output closer to the desired one and the performance index is reduced to an acceptable value.
The outputs of this interface are the synaptic weights and the bias. (Fig.5) illustrates the created interface in order to test the efficiency of the neural networks. 
C. Test phase

IV. SIMULATION AND EXPERIMENTAL RESULTS
To validate the system performance, we have considered the worst case of a disable person having severe limitations to maneuver the joystick of a power wheelchair.
The disabled person is victim of an accident which caused him a neuromuscular disease.
To make a diagnosis on the various problems faced by this patient when he uses the classical joystick, we ask him to move the joystick to achieve the target points represented by the grid of figure (Fig. 6) . Note that the display highlights only one point at each movement. The initial starting point is of coordinates (0, 0) and the disable person is required to move to a specified point. The total numbers of points are plotted in (Fig. 6) .The recorded patient's movements are depicted on (Fig.7) .The square points show the reached points by the patient. Note that the right hand two columns of points in (Fig.7) , have never reached by the disable person.
By using the smart joystick based on the neural network controller, for the same patient and for the same road map of (Fig.6) , the controller has corrected all the maneuvers of this patient yielding the results plotted on (Fig.8) . The mean square error is the difference between the output of the neural network and the desired output with it we can evaluate the training phase.
The variation of the mean square error for the first and the second neural network are respectively represented in (Fig.9 and Fig.10 ). For further testing the performance of the proposed neural joystick vs. the classical one we have developed a 3D simulator on LABVIEW (Fig. 9) . The objective of the patient is to move in a virtual environment without any problem. Fig. 11 . Example of 3D simulator for driving the power wheelchair.
After having implemented our neural control to the joystick, we noted the success of the patient in moving in the 3D environment presented in (Fig. 11 ) without any problems despite his arm difficulties. This validates even more the efficiency of the proposed work.
V. CONCLUSION
The aim of this paper is the development of a neuronal joystick controller and experimental evaluation of the power wheelchair controlled by this joystick.
The experimental results of this work, dealing the case of patients who having difficulties in moving the joystick, has demonstrated the efficiency of the proposed technique.
As further work and in order to more generalize the use of this type of joystick, we are going to test this neuronal joystick with patients having other types of diseases.
Once this preliminary enhancement is accomplished, it will be necessary to implement the neuronal joystick in electric wheelchair and testing these performances. APPENDIX Xp is the acceleration of the patient. Yp is the movement of rotation of the patient. X T is the acceleration after neural network correction. Y T is the movement of rotation after neural network correction.
Note:
The shadowed area represents the area where the patient has significant problems in the use the classical joystick.
